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摘    要 
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Cytokines, 15～30KD, are a diverse group of cell intercellular messengers 
responsible for signaling variety of cell functions, such as immunity, hematopoiesis, 
chemotactic activities, cell maturation, proliferation, growth and differentiation 
through their interactions with respective receptors on cell membranes. The binding of 
cytokine to its complementary receptor is crucial for triggering cytokine-specific 
cellular activities. In this study, a series of Bioinformatics and statistical analyses 
were conducted to probe cytokine-specific activities by identifying cytokine-receptor 
interactions in the human genome. An advanced support vector machines system 
CytoSVM was constructed to successfully identify (estimated prediction accuracy 
99.2%) 1,609 novel cytokine-receptor interactions from human genome. This covers 
244 distinct novel cytokine receptors and 112 known cytokine receptors. To 
characterize the cytokine-receptor interactions, systematic and statistical analyses 
were demonstrated to illustrate their structural, transcriptional and genomic features. 
It is found that cytokine receptors intend to share some common signature patterns 
(domains/motifs) inside families. These patterns are conserved and specific in 
respective cytokine receptor families for execution and maintenance of their 
cytokine-receptor interactions. Data mining of the gene expression profiles revealed 
that only weak correlation between the expressions of cytokines and their 
complementary receptors. Chromosomal localization of cytokine receptors exhibits 11 
obvious clusters of known and/or putative cytokine receptors distributed in human 
chromosomes; some of which are seem to be cellular activities-related. In particular, 
these newly identified interactions are involved in 31 characterized cellular activities 
in KEGG pathway database, 9 of these activities haven’t been well studied or found 
for the known cytokines. 
 





































IFN-β、IFN-ω和 IFN-γ，它们分别主要由白细胞、成纤维细胞和活化 T 细胞所产
生。各种不同的 IFN 生物学活性基本相同，具有抗病毒、抗肿瘤和免疫调节等
作用。 
肿瘤坏死因子(Tumor Necrosis Factor, TNF)根据其来源和结构不同，可分为



















生长和分化的 TGF-β 超家族。这一家族除 TGF-β 外，还有活化素(Activins)、抑
制素(Inhibins)、缪勒氏管抑制质(Mullerian Inhibitor Substance, MIS)和骨形成蛋白





















































图 1. 细胞因子网络 



































(Phylogenetic Profile)[7] [8] 、基因邻接(Gene Neighborhood)[9] [10] 、基因融合
(Gene Fusion Event)[11] [12] 以及镜像树(Mirror Tree)[13] 等方法。而基于进化信
息的方法包括突变关联 (Correlated Mutation)[14] 、保守的蛋白质相互作用
(Interologs)[15] 、进化速率关联 Ccorrelated Evolutionary-Rate)[16] 等方法。上述
方法均不可避免地具有一定的局限性，即它们都需要一些蛋白质的先验知识，如
基因组信息、进化信息等。 






















方法，即同源结构复合物(Homologous Structural Complexes)方法[19] 。该方法构 
建了一种全新的策略，并提供了在线服务(http://www.russell.embl.de/interprets)，
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图 2 所示，其中的实心点和空心点代表两个类别的训练样本，H 为将这两个类
别分开的分类线，H1 和 H2 分别是经过这两个类别样本中距分类线最近的点且





图 2 特征空间中的最优分割平面 
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)( αα               (5) 
即最优分类面的权系数向量是训练样本向量的线性组合。且根据
Kuhn-Tucker 条件，该最优化问题的解须满足：  
,...,2,1,0)1).(( ==−+ ibxwya iii            (6) 















iξCwMin       (9) 
这里ξi 可看作训练样本关于广义分离超平面的偏差，ξi= 0 时问题变为线性可
分情形，c> 0 是自定义的惩罚系数，用来控制样本偏差与机器泛化能力之间的平
衡。用 Lagrange 乘子法把式(9)化成其对偶形式，其结果与线性可分情况下几乎
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